D0 Collaboration
(Dated: February 13, 2010) A search for the standard model Higgs boson is presented using events with two charged leptons and large missing transverse energy selected from 5.4 fb −1 of integrated luminosity in pp collisions at √ s = 1.96 TeV collected with the D0 detector at the Fermilab Tevatron collider. No significant excess of events above background predictions is found, and observed (expected) upper limits at 95% confidence level on the rate of Higgs boson production are derived that are a factor of 1.55 (1.36) above the predicted standard model cross section at mH=165 GeV.
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The Higgs mechanism, introduced in the standard model (SM) to explain electroweak symmetry breaking, predicts a massive scalar (Higgs) boson, which has yet to be observed. Direct searches at the CERN LEP e + e − collider yielded a lower limit of 114.4 GeV for the SM Higgs boson mass at 95% confidence level (C.L.) [8] . Indirect constraints obtained from fits to precision electroweak data, when combined with direct searches at LEP, give an upper bound of 186 GeV at 95% C.L. [9] . For a Higgs boson mass (m H ) close to 165 GeV the product of the SM Higgs boson production cross section and the decay branching ratio into two W bosons is maximal [10] and motivates the analysis strategy.
In this Letter we present a search for Higgs bosons in final states containing two charged leptons and missing transverse energy (E / T ) using data collected with the D0 detector [11] and corresponding to an integrated luminosity of 5.4 fb −1 of pp collisions at √ s = 1.96 TeV. We consider final states containing either an electron and a positron (e + e − ), an electron or a positron and a muon (e ± µ ∓ ), or two muons (µ + µ − ). Final states with tau leptons decaying to e or µ or where hadronic tau decays are misidentified as electrons will also contribute to our search.
Previous searches in this channel have been performed at the Tevatron by the CDF and the D0 collaborations [12, 13] . This search represents an almost twentyfold increase in the D0 data set and considers additional Higgs boson production modes leading to the dilepton and E / T signature. In addition, the lepton acceptance is improved and the separation of background and signal processes now utilizes an artificial neural network (NN) event classification technique. The main Higgs boson production modes are via gluon fusion and vector boson fusion. For these production modes, this analysis considers only the Higgs boson decay H → W W ( * ) → ℓℓ ′ νν ′ (ℓ, ℓ ′ = e, µ, τ ). Also considered is Higgs boson production in association with a W or Z boson, where Higgs boson decays to W/Z bosons and leptons yield a dilepton plus E / T signature. The overlap with events considered in the analysis of W H → W bb and ZH → Zbb final states [14] is negligible. The CDF collaboration is also reporting an updated search in this channel [15] .
The main background processes for this analysis are pair production of heavy gauge bosons, W (+jets/γ) and Z/γ * (+jets/γ) production, tt production and multijet production in which jets are misidentified as leptons. To model the W (+jets/γ) and Z/γ * (+jets/γ) backgrounds we use the alpgen event generator [16] . The signal and remaining SM background processes are simulated with pythia [17] and all Monte Carlo (MC) samples are generated using CTEQ6L1 [18] parton distribution functions (PDFs). In all cases, event generation is followed by a detailed geant-based [19] simulation of the D0 detector.
The background MC samples for inclusive W and Z/γ * production are normalized to next to next to leading order (NNLO) cross section predictions [20] calculated using MRST 2004 NNLO PDFs [21] . The rate of tt production is normalized to a NNLO calculation [22] and diboson rates (W W , W Z, and ZZ) are normalized to next to leading order (NLO) cross sections [23] . The signal cross sections are calculated at NNLO [24] (at NLO in the case of the vector boson fusion process). The branching fractions for the Higgs boson decay are determined using hdecay [25] . The simulated Z boson transverse momentum (p T ) distribution is modified to match the spectrum measured in data [26] . In order to simulate the W boson p T distribution, the measured Z boson p T spectrum is multiplied by the ratio of W to Z boson p T distributions at NLO [27] .
To improve the modeling of W W background, the p T of the diboson system is modified to match that obtained using the mc@nlo generator [28] , and the distribution of the opening angle of the two leptons is modified to take into account the contribution from gluon-gluon initiated processes [29] . The Higgs boson transverse momentum distribution in the pythia-generated gluon fusion sample is modified to match the distribution obtained using sherpa [30] .
The background due to multijet production, in which jets are misidentified as leptons, is determined from data. For this purpose, a sample of like-charged dilepton events is used in the µ + µ − channel, corrected for like-charge contributions from non-multijet processes. The e + e − and e ± µ ∓ channels use a sample of events with inverted lepton quality requirements, scaled to match the yield and kinematics determined in the like-charge data.
This search is based on a sample of dilepton event candidates collected using a mixture of single and dilepton triggers which achieve close to 100% signal efficiency. The identification of electron and muon candidates is based on the criteria described in the previous search [13] . In addition to the track isolation criterion, a constraint on the scalar sum of charged particles transverse momentum (p T ) in a cone of radius R = (∆φ) 2 + (∆η) 2 = 0.5 [31] around the muon track, an isolation requirement in the calorimeter is applied. This is a requirement on the transverse energy deposited in an annulus 0.1 < R < 0.4 around the muon track. In the e ± µ ∓ channel, each of these isolation parameters divided by the muon p T is required to be < 0.15, whereas in the µ + µ − channel the ratio of the sum of these two quantities divided by the muon p T is required to be < 0.4(0.5) for the highest (next-tohighest) p T lepton ℓ 1 (ℓ 2 ). In the µ + µ − channel, the product of the isolation ratios for both muons is required to be < 0.06.
Electrons are required to have |η| < 2.5 (< 2.0 in the e + e − channel), and muons |η| < 2.0. Both leptons are required to originate from the same interaction vertex and to have opposite charges. Electrons must have p e T > 15 GeV, and muons p µ T > 10 GeV. In the µ + µ − channel one of the two muons is required to have p µ T > 20 GeV. In addition, the dilepton invariant mass is required to exceed 15 GeV. Jets are reconstructed in the calorimeter using an iterative midpoint cone algorithm [32] with a radius R = 0.5 and are required to have p jet T > 15 GeV and |η| < 2.4. No jet-based event selection is applied, since the number of jets in the event is used in the NN to help discriminate signal from background. In the µ + µ − channel, both muons must be separated from any jet by R > 0.1. This stage of the analysis is referred to as "preselection". After preselection, the background is dominated by Z/γ * production. This background is suppressed by requiring E / T > 20 GeV (> 25 GeV in the µ + µ − channel). Events are also removed if the E / T was likely produced by a mismeasurement of jet energies by requiring for the scaled E / T [13] , E / Sc T > 6 in the e + e − and e ± µ ∓ channels. The minimum transverse mass, M min T (defined as the smaller of the transverse masses M T [33] calculated from the E / T and either of the two leptons), is required to be > 20 GeV (> 30 GeV in the e + e − channel) to suppress backgrounds where E / T originates from mismeasured lepton energy. Finally, events are rejected by requiring for the azimuthal opening angle between the two leptons ∆φ(ℓ, ℓ) < 2.0 rad, because leptons from background processes tend to be back-to-back in the transverse plane, in contrast with those from a Higgs boson decay which, owing to its zero spin, tend to move in the same direction. This stage of the analysis is referred to as "final selection".
The dilepton invariant mass distribution after preselection for the combination of the three channels is shown in Fig. 1(a) . The ∆φ(ℓ, ℓ) distribution after final selection is shown in Fig. 1(b) . The contributions from the different background processes in each of the three channels are compared with the numbers of events observed in data after preselection and after final selection in Table I . The total systematic uncertainty (described below and in the supplemental material) after fitting is shown with correlations appropriately incorporated.
To improve the separation between signal and background, an optimized NN is used in each of the three channels. Several well-modeled discriminant variables are used as inputs to the NN: the transverse momenta of the leptons, a variable indicating the quality of the leptons' identification, the transverse momentum and invariant mass of the dilepton system, The estimates for the expected number of background and signal events depend on numerous factors, each introducing a source of systematic uncertainty. Two types of systematic uncertainties have been considered: those affecting the absolute predicted event yield and those which also affect the shape of the NN output distribution. The most significant systematic uncertainties affecting the normalization of the NN output (quoted as a percentage of the yield per signal or background process) are: lepton reconstruction efficiencies (3%-6%), lepton momentum calibration (1%-3%), theoretical cross section (including PDF, factorization and renormalization scale uncertainties: 7% for diboson, 10% for tt 7% for W/Z(+jets), 11% for Higgs signal), modeling of multijet background (2%-15), and integrated luminosity (6.1%). The most important sources affecting the NN output shape are: jet reconstruction efficiency (1%-3%), jet energy scale calibration (1%-5%), jet energy resolution (2%), and modeling of p T (W W ), p T (H), and p T (Z) (1%-5)%. The systematic uncertainty on the modeling of p T (W W ) and p T (H) has been determined by comparing the p T distributions of pythia, sherpa, and mc@nlo, and the uncertainty on p T (Z) from a comparison of the shape of the NN distribution between data and MC predictions in a Z/γ * enriched control sample. The sherpa and mc@nlo predictions agree well with each other and generate harder p T spectra than pythia [34] . The uncertainty on ∆φ(ℓ, ℓ) for the W W background is taken as 30% of the correction to the pythia angular distribution as estimated in Ref. [29] , leading to a relative uncertainty at the subpercent level. Appropriate correlations of systematic uncertainties between different channels, between different backgrounds, and between backgrounds and signal are included. I: Expected and observed event yields in each channel after preselection and at the final selection. The systematic uncertainty after fitting is shown for all samples at final selection. After all selections, no significant excess of signal-like events is observed for any test value of m H . Thus the NN output distributions are used to set upper limits on the Higgs boson production cross section, assuming the SM-predicted ratio of production cross sections and Higgs decay branching ratios. Upper limits are set using the three search channels combined using a modified frequentist method with a log-likelihood ratio (LLR) test statistic [35] . To minimize the degrading effects of systematics on the search sensitivity, the signal and different background sources contributions are fitted to the data observations by maximizing a likelihood function over the systematic uncertainties for both the background-only and signal+background hypotheses [36] . Fig. 2(a) shows a comparison of the NN distribution between background-subtracted data and the expected signal for m H =165 GeV hypothesis. The background prediction and its uncertainties have been determined from the fit to data under the background-only hypothesis. The LLR distribution as a function of m H is shown in Fig. 2(b) demonstrating the overall consistency of the data with the background-only hypothesis in the full m H range considered. Table II and Fig. 2(c) present the expected and observed upper limits as a ratio to the expected SM cross section. Assuming m H =165 GeV, the observed (expected) upper limit at 95% C.L. on Higgs boson production is a factor of 1.55 (1.36) times the SM cross section, representing an improvement in sensitivity of over a factor of 6 relative to our previous publication [13] , larger than expected from the luminosity increase alone.
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